The Thomas recording gas calorimeter is described. 
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II. DESCRIPTION OF THE THOMAS CALORIMETER
The Thomas calorimeter or any other recording calorimeter may be used as a secondary instrument, designed to be adjusted to indicate the heating value of the gas as determined with a standard instrument; for example, a water flow calorimeter of the ordinary type. If used in this way, the questions of interest concern the length of time the indications will remain correct, and whether the correctness will be affected by ordinary changes in temperature, barometric pressure, and atmospheric humidity.
The Thomas calorimeter was designed, however, not as a secondary instrument, but as a self-contained one, which could be standardized by the use of pure hydrogen. This self-contained feature necessarily leads to complications in design, and requires the operator to be familiar with the process of standardization, but provides some of the advantages inherent in a primary instrument. If a calorimeter has the characteristics demanded of a self-contained instrument, it will necessarily be equally or more satisfactory if used merely as a secondary instrument. In this investigation, therefore, the suitability of the Thomas calorimeter as a self-contained instrument was of major interest.
The principle upon which the Thomas calorimeter operates is as follows: Gas is burned at a constant rate and the heat developed is absorbed by a stream of air. The rates of flow of the gas, air for combustion, and the heat-absorbing air are regulated by metering devices, similar in construction to the ordinary wet gas meters. These metering devices are geared together and driven by an electric motor, so that the ratio of the rates of flow of gas and lieat-absorbing air is constant.
The products of combustion are kept separate from the heat-absorbing air, and are cooled very nearly to the initial temperature of the air. The water formed in the combustion is condensed to the liquid state. The rise in temperature of the heatabsorbing air is therefore proportional to the total heating value of the gas. This rise in temperature is measured by means of resistance thermometers of nickel, translated into Btu per cubic foot of gas under standard conditions, and recorded graphically.
The meters are mounted in a tank of water, within which is a smaller tank containing a reserve supply of water. A chain pump draws water from the reserve tank and delivers it into the main tank; the excess flows over a weir and returns to the reserve tank. Thus the water level in the main tank is automatically kept constant.
A schematic diagram of the calorimeter is shown in Figure 1 , which was taken from the book of instructions for the care and operation of the calorimeter. Gas flows from the gas supply line through a pressure reducing orifice into a chamber from which part of it escapes through a bleeder burner. The area of the bleeder burner openings is sufficiently large so that the gas pressure in the chamber does not differ appreciably from that of the atmosphere. The remainder of the gas flows through the gas meter and connecting tubing to a mixing chamber where it is mixed with air from the combustion air meter. The mixture flows from the mixing chamber to the calorimeter burner. The amounts of water condensed relative to the amount formed depend upon two factors : (a) The difference in volume of the products of combustion and of the initial gas and air, and (6) the difference in temperature of the products and of the initial gas and air.
The decrease in volume when combustion takes place tends to cause more water to be condensed than is formed in the combustion. This tendency is opposed by the excess in the temperature of the products over that of the initial gas and air. In order to calculate the effect of these two factors it was necessary to know the ratio of combustion air to gas, the contraction due to combustion, and the temperature of the products.
The delivery rates of the gas meter and combustion air meter were measured by connecting each of them in series with a calibrated 0.1 cubic foot wet meter and observing the time required for any con- The ratio of combustion air to gas is therefore 2.264 0.2729
The contraction due to combustion of the illuminating gas used in this investigation was calculated from analyses of Washington city gas made by Branham.
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The calculated contraction was on the average 1.24 cubic feet per cubic foot of gas.
The temperature of the products of combustion was measured by means of a thermocouple, one junction of which was placed in the stream of products at the point where it leaves the burner chamber, and the other junction in the water of the tank. The temperature of the products of combustion was found to be 7°F . higher than the temperature of the tank, both when illuminating gas was being burned in the calorimeter at the normal rate and when hydrogen was being burned at 21/11 times the normal rate. Using these data the combined effect of the two factors (a) and (6) was calculated. The results for illuminating gas are shown in Table 1 The maximum difference between any two values of AR in Table 4 is seen to be 0.4 per cent. The circles and crosses in Figure 6 represent observations by the-first and second methods, respectively. It is seen that there is no appreciable systematic difference between the two sets of observations. There is a slight systematic deviation of the observed points from the straight line OA in the range from zero to half scale. Figure 7 shows the deviations from a straight line througn the points and B (fig. 4) 1928, 1929, and 1931 . The gas used in these comparisons was drawn from the Washington city gas mains, and was stored in a holder in order to obtain gas of constant composition for the tests. Before January, 1931, this gas was a carbureted water gas; after that time it was a carbureted water gas enriched with natural gas. The heating value of the gas varied from about 510 to 620 Btu per cubic foot. Hydrogen tests were made at various times during the investigation.
It was found that the reading of the calorimeter depended somewhat on the current used in the bridge circuit of the recorder. Thus with the trickle charger (2.2 volts) the reading during the hydrogen tests was always 612, while with dry cells (1.5 volts) the reading was always 610. The reading was also 2 Btu. higher with the trickle charger than with dry cells when illuminating gas was being burned in the calorimeter.
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The results on illuminating gas given in Table 5 were obtained with dry cells furnishing the bridge current. They therefore correspond to a reading of 610 in the hydrogen test instead of the design value 12 See footnote 1, p. 99. 13 In some of the preliminary measurements the Thomas calorimeter readings were systematically higher than the Junkers results by about 1.5 per cent. This difference was apparently due to not allowing sufficient time for the water in the 0.1 cubic foot meter used with the Junkers calorimeter to become thoroughly saturated with gas. The results obtained in investigating this point indicate that about 15 or 20 cubic feet of carbureted water gas must be passed through the meter at the rate of 5 cubic feet per hour to thoroughly saturate the water. With the present Washington city gas, which is carbureted water gas enriched with natural gas, the lowering in heating value due to fresh water in the meter was about 1 per cent. About 10 cubic feet of gas must be passed through the meter to saturate the water. This is not in accord with the results obtained by Waidner and Mueller (footnote 1, p. 99), who report that the effect, due to fresh water in the meter, on the observed heating value of a gas was of the order of 0.5 per cent and that the water was practically saturated, so far as calorimetric measurements were concerned, after the passage of 2 or 3 cubic feet of gas. that is, the lag of the heated metal parts of burner and jacket and of the outlet thermometer; (c) mechanical lag, that is, the lag of the recording mechanism; (d) lag due to change in the amounts of the various constituents of the gas which are dissolved in the water in the gas meter.
The magnitudes of (5) and (c) may be inferred from Figure 7 which is the record obtained during a hydrogen test. At A and B the recording pen was moved from its equilibrium position and then allowed to return. The time required is a measure of the mechanical lag, which is seen to be negligibly small, although in some cases the pen stops at about I Btu from its equilibrium position and remains there for some time.
Tho combined effect of thermal and mechanical lag is illustrated in that part of the curve from C to D (fig. 7 ). When the burner was extinguished at C the recording pen moved to the zero of the scale along the curve CD. Ninety per cent of the change had taken place in 4.2 minutes.
The combined effect of all of the lags was determined as follows: The calorimeter was connected through a 3-way stop-cock to the gas mains and to a, holder containing gas which had been diluted with nitrogen, (bis could then be drawn either from the mains or from the holder. Figure S shows the record obtained when tho calorimeter was switched from gas from the mains to gas from the holder. It was 4.5 minutes after switching to the holder gas before the first indication of a change in heating value was observed, and 6.fi minutes more before 90 per cent of the change had taken place. Practically the same results were obtained When the calorimeter was switched from the gas of lower heating value to that of higher boating value.
It is not possible from these observations to dotermine each of the factors (a) and (d) 
